Abstract Classic granular cell tumor is a mesenchymal neoplasm that commonly occurs on the skin, but is not infrequently found in the oral cavity, primarily on the dorsal tongue. Diagnosis is usually straightforward with hematoxylin and eosin stained slides. Immunohistochemical studies on classic granular cell tumor shows positive immunostaining for S-100 and vimentin, while CD68 is variably positive. We report a case of otherwise unremarkable oral granular cell tumor that was immunohistochemically negative for S-100, and positive for vimentin and CD68, and discuss the differential diagnosis. The results of the immunohistochemical studies in our case are compared with those of classic S-100 positive oral granular cell tumors, as well as cutaneous and oral S-100 negative granular cell tumors. Classic S-100 positive granular cell tumors and S-100 negative granular cell tumors of the oral cavity can only be distinguished by immunohistochemical studies; however, the necessity of this distinction is unclear, as both are benign lesions in which recurrence is unlikely.
Introduction
Granular cell tumor (GCT) is a mesenchymal neoplasm that commonly occurs on the skin, but is frequently found in the oral cavity, primarily on the dorsal tongue. Histologically, GCT often exhibits pseudoepitheliomatous hyperplasia of the overlying epithelium. The lesional cells exhibit a syncytial arrangement with borders that blend into surrounding connective tissues and eosinophilic granular cytoplasm [1] . The diagnosis of a hematoxylin and eosin (H&E) stained specimen is relatively straightforward and immunohistochemical (IHC) analysis is usually reserved for cases with an unusual clinical history or atypical histologic features. IHC studies of GCT demonstrate positive immunostaining for S-100 and vimentin; CD68 is variably positive and depends on the particular monoclonal antibody used [2, 3] .
We report a case of otherwise unremarkable oral GCT that was immunohistochemically negative for S-100. Several cutaneous and two oral cases of S-100 negative GCTs have been published [4] [5] [6] [7] [8] [9] [10] [11] [12] with most described as ''nonneural granular cell tumor''. The histogenesis of GCT is controversial [2, 3, 13, 14] , and the S-100 negative GCT most likely represents a non-immunoreactive phenotype of GCT. Thus, it may not be appropriate to classify the lesion as nonneural simply because it does not mark with S-100, and the term S-100-negative GCT is used in this article.
We present the results of IHC studies in our case, discuss the differential diagnosis, and review the English language literature of S-100 negative GCT.
Case Report
This case was sent to us for consultation, and the available clinical information was 'tongue mass' in a 12-year-old male patient. The gross description was 'a pink-tan partially mucosa lined fragment of soft tissue, measuring 1.0 9 0.7 9 0.4 cm', with a 'slightly granular and lobulated-appearing mucosal surface'.
Microscopic Features
Microscopic examination of the H&E stained slides revealed a wedge of mucosa covered by parakeratinized stratified squamous epithelium, without pseudoepitheliomatous hyperplasia. The superficial lamina propria was focally replaced by a circumscribed proliferation of granular tumor cells, with indistinct borders that abut the overlying epithelium without a grenz zone. The deeper tumor/connective tissue interface was adjacent to, but not infiltrative into the underlying striated muscle fibers (Fig. 1a) . The large polygonal tumor cells had a syncytial arrangement, scattered between collagen fiber bundles, with granular amphophilic cytoplasm, centrally placed ovoid nuclei with finely dispersed chromatin and inconspicuous nucleoli (Fig. 1b) . No cellular atypia or mitotic figures were seen.
The immunoperoxidase stained slides that accompanied the case were created using formalin fixed paraffin embedded sections according to a standard protocol on the Ventana autoimmunostainer (Ventana Medical Systems, Tucson, AZ, USA). The reagents, their sources, and results are listed in Table 1 . Tumor cells in this case were strongly and diffusely reactive with vimentin and CD68 (Fig. 2a, b) , while S-100 (Fig. 2c) , CD56, inhibin, calretinin, smooth muscle actin, CD34, CD1a, CD163, and Factor XIIIa were negative.
Discussion
In the oral cavity a broad range of conditions are histologically composed of granular cells, either partially or completely. The list includes congenital epulis of the newborn [15, 16] , GCT [2, 3] , S-100 negative GCT [4] [5] [6] [7] [8] [9] , granular cell leiomyoma [17, 18] , granular cell variant of fibrous histiocytoma (FH) [19] , and perivascular epithelioid cell tumor (PEComa) [20, 21] . In addition, some odontogenic tumors may exhibit varying amounts of granular cell change, e.g. ameloblastoma [22] , central odontogenic granular cell tumor [23] [24] [25] , and odontogenic fibroma [26] [27] [28] . Malignant neoplasms that may exhibit granular cells are malignant granular cell tumors [29] and granular cell variants of angiosarcoma, leiomyosarcoma, and melanoma [4] .
The histologic features in the present case, i.e. circumscribed nature, small specimen size, lack of mitotic figures, nuclear atypia and necrosis, suggested a benign process. With consideration of the clinical history, our differential diagnosis was GCT, granular cell leiomyoma, granular cell variant of FH, PEComa, and S-100 negative GCT.
GCT commonly presents on the oral tongue with a distinctive microscopic appearance. On H&E histology alone, our case is indistinguishable from conventional GCT; however, the negative IHC result for S-100 (with internal and known positive controls), rules out this diagnosis. It is interesting to speculate that perhaps many cases of S-100 negative GCT are missed when a classic GCT is diagnosed on H&E alone. A recent series of forty-two cases of classic oral cavity GCT, gathered from over a 20-year period in a single pathology service, showed that every case was S-100 positive [2] . This indicates that S-100 negative GCTs are quite rare in the oral cavity. In Table 1 the complete IHC profile of our case is compared to the results of the Vered et al. study. The comparison shows that no additional IHC stains can differentiate S-100 negative from S-100 positive GCTs.
A recent study expands the immunophenotypic profile for conventional GCT. The traditional IHC markers for GCT, S-100 and CD68 were diffusely positive as expected, while the new markers tested, Galectin-3 and HBME-1 (95 % positivity), were also positive in twenty-two conventional GCTs [14] . Galectin-3 (clone 9C4) and the mesothelial cell marker (clone HBME-1) have not been used in any published cases of S-100 negative GCT, so it is unknown if they would be useful to further classify S-100 positive and negative GCT.
Leiomyoma is a benign smooth muscle tumor that most commonly develops in the uterus, gastrointestinal tract, retroperitoneum and mesentery. In these locations, histologic degenerative cellular alterations such as edema, calcification, hyalinization, hemorrhage and cystic degeneration are frequently found. Leiomyoma is a rare occurrence in the oral cavity. Three subtypes of leiomyoma have been described, solid, epithelioid, and vascular ?, positive staining; -, negative staining; NC no testing reported (angiomyoma), the latter accounting for 75 % of oral cases [30] . The epithelioid variant is the least common type of leiomyoma, with only two oral cases reported [31] . The classic histologic features of solid leiomyoma include interlacing fascicles of spindled cells with ''cigarshaped'' blunt-ended nuclei. However, when leiomyoma exhibits prominent histologic variation, such as clear cell, granular cell, and/or myxoid change [18, 32] , it presents a diagnostic challenge, particularly in an uncommon location such as the oral cavity. Two cases of oral granular cell leiomyoma were published in 2006 [17] . The histologic description of sheets of large polygonal cells with abundant, eosinophilic granular cytoplasm, round to ovoid nuclei, and the absence of mitotic figures, is similar to our case. IHC studies in both cases of oral granular cell leiomyoma were negative for S-100 and positive for vimentin, similar to our case; however, granular cell leiomyoma is positive for SMA, whereas our case was SMA negative.
PEComas are a recently recognized family of mesenchymal tumors composed of distinctive perivascular epithelioid cells with a marked female predilection [33] . The neoplasm was previously described under a variety of appellations, including angiomyolipoma (AML), clear cell ''sugar'' tumor of the lung and extrapulmonary sites, lymphangioleiomyomatosis (LAM), clear cell myomelanocytic tumor of the falciform ligament/ligamentum teres, and abdominopelvic sarcoma of perivascular epithelioid cells [34] . Importantly, AML and LAM are strongly linked with the tuberous sclerosis complex, while this linkage is less strong for other types of PEComa [35] . Criteria for malignancy in PEComas have been described [34, 36] .
Cutaneous presentations of PEComa are rare, comprising approximately 8 % of cases [37] and only a single oral cavity case has been published [21] . Histologically, PEComa tumor cells are medium to large cells with an epithelioid or mixed epithelioid and spindled morphology, granular eosinophilic to clear cytoplasm. Cutaneous and oral PEComas are associated with a prominent vasculature composed of delicate branching capillaries [37] , with some cases also demonstrating tumor cell association of with angular [20] and occasional thick walled vessels [21] . The review by Ghazali et al. documented twenty-three cases of cutaneous and one oral PEComa that were all negative for S-100 [20] , similar to our case; however, tumor cells in PEComa are characterized by coexpression of melanocytic and muscle markers, unlike our case which was negative for SMA, although no melanocytic markers were performed.
FH (also known as dermatofibroma), is a common skin lesion most often found on the lower legs of middle-aged females. There are numerous histologic variants of FH with unique microscopic and immunohistochemical features [38] . Cases of common FH and variants exhibiting granular cell change have been described on the skin [39] [40] [41] [42] [43] [44] , as well as in the oral cavity [19] . The histologic features of a common FH are described as a mixture of fibroblastic and histiocytic cells in a storiform pattern with collagen trapping [19] , and typically a grenz zone is present beneath the overlying epidermis [38] . Although the immunohistochemical profile of common FH is variable, it is typically negative for S-100 and CD34 and positive for vimentin, similar to our case; however, it is at least focally positive for factor XIIIa, unlike our case.
Originally S-100 negative GCT was reported in 1991 as Primitive polypoid granular cell tumor [7] . Basile and Woo interpreted the granular cells as a degenerative phenomenon and eliminated the word 'primitive' when they published a case titled, Polypoid S-100-negative granular cell tumor of the oral cavity: A case report and review of the literature in 2003 [8] . Chaudry [5] and Yeh [12] published their cases of S-100 negative GCT as 'non-neural GCT' recognizing that the lack of a specific immunophenotype does not imply origin from an immature or 'primitive' cell type. Other authors have retained the use of 'primitive' nonneural GCT in their papers, but deleted the use of the descriptive term polypoid in recognition that many cases are not exophytic.
The S-100 negative GCT is a diagnosis of exclusion. On H&E examination, cytologic features are inconsistent, with some lesions described as polypoid and others as endophytic; there is variability regarding the presence or absence of features such as ulceration, epidermal collarettes, grenz zone, circumscription, cellular/nuclear atypia, and mitotic rates [4, 8-10, 12, 45] . A single case of S-100 negative GCT with malignant potential has been reported, although this was based on exclusively on cytologic features, without confirmation of metastasis or longterm follow-up, and acknowledgement that an atypical fibroxanthoma could not be ruled out [45] .
It is important to consider that IHC is not always reliable. Antibodies from different laboratories can have dramatically different results [46] . Berglund et al. examined approximately 20,000 commercial antibodies and found that less than 50 % were reliable [47] . Table 2 compares the IHC tumor reactivity of our case to the two published cases of S-100 negative GCT from the oral cavity [8, 9] and 29 cases of cutaneous S-100 negative GCT [4] [5] [6] [10] [11] [12] . Our case had an appropriately stained S-100 positive control and positive internal controls of epithelial dendritic cells in the specimen. IHC studies of S-100 negative GCT occasionally demonstrate negative or focally positive immunostaining for the lysosomal marker CD68. A more recent lysosomal marker NKI/C3 (CD63) is positive in nearly every case of S-100 negative GCT in which it has been used, the exception being one case in the thirteen studied by Lazar et al. [6] . NKI/C3 (CD63) is also positive in classic S-100 positive GCTs as well [2] .
Conclusion
Microscopic recognition of a classic S-100 positive GCT by pathologists is usually straightforward, particularly in an expected location such as the dorsal tongue. Our case highlights that establishing a correct diagnosis can be challenging when IHC gives unexpected results. This is the third case of an oral S-100 negative GCT to be documented in the literature. Classic S-100 positive GCTs and S-100 negative GCTs of the oral cavity can only be distinguished by immunohistochemical studies; however, the necessity of this distinction is unclear, as both are benign lesions, in which recurrence is unlikely.
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